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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lead-free 
solder whicti is less different from a conventional solder 
in melting point, wettability and mechanical strength, and 
whose composition elements can be stably and globally 
supplied, and available from the cost aspecL 
SOLUTION: A publicly known lead-free solder alloy 
having the composition consisting of, by mass, 0.5-3.5% 
Ag, 0.1-1.0% Cu, 0.5-10.0% Bi, and the balance Sn, is 
hard and brittle, and weak in Its mechanical strength. To 
reinforce its disadvantages, 0.001-0.01% P, and 0.001- 
0.01 % Ni are added to the alloy to improve the 
mechanical strength. 





-A 



TIT 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 



htto://wwwl9.iodl.nciDi.eo.iD/PAl/result/detail/main/wAAAucaaozDA412015476Pl.htm 



3/30/05 



Searching PAJ Page 2 of 2 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998.2003 Japan Patent Office 



http.V/wwwl 9.ipdI.ncipi.go.jp/PA l/result/detail/main/wAAAucaqozDA4 1201 5476P 1 .htm 



3/30/05 



• ' JP,2000-015476,A [CLAIMS] . Page 1 of 1 



* NOTICES * 

jpo and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] The solder 
- 1.0 mass %, PO.OOl 
[Claim 2] The solder 

- 1.0 mass %, PO.OOl 
[Claim 3] The solder 
- 1.0 mass %, PO.OOl 
[Claim 4] The solder 

- 1.0 mass %, PO.OOl 
[Claim 5] The solder 
- 1.0 mass %, PO.OOl 
[Claim 6] The solder 

- 1.0 mass %, PO.OOl 



in which a presentation contains Ag 0.5 

- 0.01 mass %, nickel 0.001 - 0.01 mass 
in which a presentation contains Ag 0.5 

- 0.01 mass %, germanium 0.005 - a.05 
in which a presentation contains Ag 0.5 

- 0.01 mass %, Te 0.001 - 0.01 mass %, 
in which a presentation contains Ag 0.5 

- 0.01 mass %, Co 0.001 - 0.01 mass %, 
in which a presentation contains Ag 0.5 

- 0.01 mass %, Cr 0.005 - 0.05 mass %, 
in which a presentation contains Ag 0.5 

- 0.01 mass %, Cr 0.005 - 0.05 mass %, 



-3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0.1 
%, and Sn. 

- 3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0. 1 
mass %, and Sn. 

- 3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0.1 
Ga 0.01 - 0. 1 mass %, and Sn. 

- 3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0. 1 
and Sn. 

-3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0.1 
and Sn. 

-3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0.1 
Co 0.001 - 0.01 mass %, and Sn. 



[Translation done.] 
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* NOTICES * 

«7PO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Since a small chip and semi-conductor components are mounted with a 
sufficient precision on the circuit board of electronic equipment or an electrical machinery device, this 
invention relates to the unleaded solder mainly used. 
[0002] 

Pescription of the Prior Art] Since, as for unleaded solder, the lead currently used with the conventional 
solder has toxicity, the environmental pollution by those industrial waste has been regarded as 
questionable now. So, although the demand in consideration of such an environmental side of unleaded 
solder is increasing, since unleaded solder is using Sn (tin) as the principal component, compared with 
the conventional solder, the melting point becomes high, wettability is also inferior in it a litde, and, 
generally the inclination for a mechanical strength to become low is mainly accepted. 
[0003] 

[Problem(s) to be Solved by the Invention] In addition to this, the conventional unleaded solder adds 
elements, such as Zn, In, Sb, and Bi, for Sn as a principal component, and supplements with high- 
melting [ which is a fault ], poor wettability, and a mechanical-strength fall. 
[0004] However, each element has merits and demerits, for example, wettability also worsens that Zn 
tends to receive oxidation in atmospheric air. Sb is an element which has some toxicity, quantity of 
output has a problem in supply few, and In serves as cost quantity. Moreover, Bi makes the eutectic 
presentation (melting point: 138 degrees C) of Sn-Bi, and is weak against heat and an impact, 
[0005] 

[Means for Solving the Problem] The unleaded solder of this invention selected Sn-Ag-Cu-Bi which 
does not have toxicity and is excellent also in adequate supply nature as a basic presentation in order to 
solve the above-mentioned technical problem. And the 1st invention of this appUcation - the 6th 
invention add the following presentations in the above-mentioned basic configuration, and are 

constituted. 

[0006] The 1st invention requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0.5 - 10,0 mass %, Cu 0,1 - 
1.0 mass %, PO.OOl - 0.01 mass %, nickel 0.001 - 0.01 mass %, and the solder containing Sn. The 2nd 
invention requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0.1 - 1,0 mass %, 
PO.OOl - 0.01 mass %, germanium 0,005 - 0.05 mass %, and the solder containing Sn. The 3rd invention 
requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0,5 - 10.0 mass %, Cu 0.1 - 1,0 mass %, PO.OOl - 
0.01 mass %, Te 0.001 - 0.01 mass %, Ga 0.01 - 0.1 mass %, and tiie solder containing Sn. 
[0007] The 4th invention requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0. 1 - 
1.0 mass %, PO.OOl - 0.01 mass %, Co 0.001 - 0.01 mass %, and the solder containing Sn. 
[0008] The 5th invention requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0. 1 - 
1.0 mass %, PO.OOl - 0.01 mass %, Cr 0.005 - 0.05 mass %, and the solder containing Sn. The 6tii 
invention requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0. 1 - 1 .0 mass %, 
PO.OOl - 0.01 mass %, Cr 0.005 - 0.05 mass %, Co 0.001 - 0.01 mass %, and the solder containing Sn. 
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[0009] In the solder presentation of the 1st invention, addition of Ag is effective in improving a fall and 
mechanical property of melting temperature. However, under 0.5 mass % of the effectiveness is 
inadequate, and on the other hand, by 3.5 mass % **, Ag addition causes a rise and cost quantity of 
melting temperature, and cannot expect the effectiveness. Since the effectiveness that Ag addition 
improves a fall and mechanical property of melting temperature in 2.5 mass % from 1.5 mass % is seen, 
it is the most desirable. 

[0010] Addition of Bi lowers the melting temperature of solder, prevents the thermal damage on 
components or a printed circuit board, and is effective in improving the mechanical property after 
soldering further. However, under by 0.5 mass %, the effectiveness has inadequate Bi addition and, on 
the other hand, it becomes it is hard and weak at 10.0 mass % **. 

[001 1] Addition of Cu makes an organization make it detailed more, and is effective in improving a 
mechanical property further. However, under 0. 1 mass % of the effectiveness is [ Cu addition ] 
inadequate, and, on the other hand, it reduces a mechanical property by the rise of melting temperature, 
and big and rough-ization of the crystalline structure by 1.0 mass % **. Since the effectiveness that Cu 
addition makes an organization make it detailed more in 0.8 mass % from 0.5 mass %, and improves a 
mechanical property further is seen, it is the most desirable. 

[0012] Addition of P is effective in improving antioxidizing and a mechanical property. However, under 
0.001 mass % of the effectiveness is [ P addition ] inadequate, and, on the other hand, it reduces a 
mechanical property by 0.01 mass % **. Since the effectiveness that P addition improves the 
antioxidizing effectiveness and a mechanical property in 0.004 to 0.006 mass % is seen, it is the most 
desirable. 

[0013] Although nickel addition makes a solder organization make it detailed more and a mechanical 
property is made to improve further, under 0.001 mass % of the effectiveness is [ nickel addition ] 
inadequate, and, on the other hand, it skyrockets melting temperature by 0.01 mass % **. Since the 
effectiveness that nickel addition makes a solder organization make it detailed more, and makes a 
mechanical property improve further in 0.004 to 0.006 mass % is seen, it is the most desirable. 
[0014] In the solder presentation of the 2nd invention, although germanium addition makes a solder 
organization make it detailed more and a mechanical property is made to improve further, under 0.005 
mass % of the effectiveness is [ germanium addition ] inadequate, and, on the other hand, it skyrockets 
melting temperature by 0.05 mass % **. Since the effectiveness that germanium addition makes a solder 
organization make it detailed more, and makes a mechanical property improve further in 0.008 to 0.012 
mass % is seen, it is the most desirable. 

[0015] Having added Te and Ga aims at auning at detailed-izing of an organization, and an 
improvement of a mechanical property more, and antioxidizing in the solder presentation of the 3rd 
invention. However, under 0.001 mass % of the effectiveness is [ Te addition ] inadequate, and, on the 
otiier hand, melting temperature rises by 0.001 mass % **. Under 0.01 mass % of the effectiveness is 
[ Ga addition ] inadequate, and, on the other hand, melting temperature rises by 0.1 mass % **. In 0.001 
to 0.005 mass %, since make a solder organization make it detailed more, a mechanical property is made 
to improve further and the antioxidizing effectiveness is also seen, Te addition is the most desirable. In 
0.01 to 0.05 mass %, since make a solder organization make it detailed more, a mechanical property is 
made to improve further and the antioxidizing effectiveness is also seen, Ga addition is the most 
desirable. 

[0016] Having added Co aims at aiming at detailed-izing of an organization, and an improvement of a 

mechanical property more in the solder presentation of the 4th invention. However, under 0.001 mass % 
of the effectiveness is [ Co addition ] inadequate, and, on the other hand, melting temperature rises by 
0.01 mass % **. Since the effectiveness that Co addition makes a solder organization make it detailed 
more, and makes a mechanical property improve further in 0.004 to 0.006 mass % is seen, it is the most 
desirable. 

[0017] Having added Cr aims at aiming at detailed-izing of an organization, and an improvement of a 
mechanical property more in the solder presentation of the 5th invention. However, under 0.005 mass % 
of the effectiveness is [ Cr addition ] inadequate, and, on the other hand, melting temperature rises by 
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0.05 mass % **. Since the effectiveness that Cr addition makes a solder organization make it detailed 
more, and makes a mechanical property improve furtiier in 0.01 to 0.02 mass % is seen, it is the most 

desirable. 

[0018] In the solder presentation of the 6th invention, having added Co fiirther to the solder presentation 
of the 5th invention aims at heightening more the effectiveness which makes detailed the solder 
organization which Cr has, and the effectiveness which a mechanical property improves. However, 
under 0.001 mass % of the effectiveness is [ Co addition ] inadequate, and, on the other hand, melting 
temperature rises by 0.01 mass % **. Since the effectiveness that Co addition makes a solder 
organization make it detailed more, and makes a mechanical property improve fiirther in 0.004 to 0.006 
mass % is seen, it is the most desirable. 
[0019] 

[Embodiment of the Invention] As an example. Table 1 (example No. 1-01 -1-24), Table 2 (example 
No.2-0 1-2-24), The solder of the presentation shown in Table 3 (example No.3-01-3-24), Table 4 
(example No.4-0 1-4-24), Table 5 (example No.5-0 1-5-24), and Table 6 (example No.6-01-6-24) was 
manufactured. 

[0020] The figure which shows the presentation rate in Table 6 from Table 1 shows mass %, and 
melting temperature shows (solidus-line temperature - liquidus-line temperature). 
[0021] 
[Table 1] 

«i. mm 



No. 


Sn 


Ag 


B i 


Cu 


P 


N i 




1-01 




0.5 


0.5 


O.l 


0.001 


0. 001 


217 -232 


1-OZ 




0.5 


LO 


0.1 


0.001 


0.001 


212 --227 


1-03 




0.5 


2.0 


0.1 


0.001 


0.001 


209 -222 


1-04 




0,5 


5.0 


0.1 


0.001 


0,001 


201 -218 


1-05 


m 


0.5 


10 


0.1 


0,001 


0,001 


192 -214 


1-06 


m& 


0.5 


10.0 


0.1 


0.001 


0.OOI 


178-206 


1-07 




LD 


0.5 


0.4 


0.004 


0. 004 


21S-232 


1-08 




1.0 


LO 


0.4 


0.004 


0.004 


213 -227 


1-09 




1.0 


2,0 


0,4 


0.004 


0.004 


210-22 


I-IO 


m 


LO 


5.0 


0.4 


0.004 


0.004 


203 -218 


1-11 


m 


1.0 


10 


0.4 


0.004 


0,004 


194 -214 


1-12 




1.0 


10.0 


0.4 


0.004 


0.004 


178 --208 


1-13 


m 


2.0 


0.5 


ae 


0.006* 


0. 006 


218 -232 


1-14 




2.0 


LO 


0.6 


0.006 


0, 006 


214 


1-15 




2.0 


2.0 


0.6 


0.006 


0.006 


210 -222 


1-16 




2.0 


5.0 


0.6 


0.005 


0.006 


203 -218 


1-17 




2.0 


10 


0.6 


0.006 


0,006 


194 -215 


1-15 




2.0 


10.0 


0.6 


0.006 


0, 006 


179 -207 


1-19 


mm 


3.5 


0.5 


LO 


0.01 


0. 01 


219 ^232 


1-20 




3.5 


LO 


LO 


0.01 


a 01 


214 -227 


1-21 


&^ 


3.5 


10 


LO 


0.01 


0. 01 


211 -222 


1-22 




15 


5.0 


LO 


0.01 


0. 01 


205 -219 


1-23 


&m 


3.5 


10 


LO 


0.01 


0. 01 


194 -215 


1-24 




15 


10.0 


LO 


0,01 


0.01 


179 -208 
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[0022] 
[Table 2] 



No. 


S n 


Ag 


B t 


C u 


P 


G e 




2-01 




0.5 


0.5 


0.1 


0. 001 


0. 005 


217 ---232 


2-02 




^0.5 


LO 


0.1 


O.OOl 


0.005 


212 -^227 


2-03 




0.5 


2,0 


0. 1 


0. 001 


0.005 


209 '-'222 


2-04 




0.5 


5-0 


0.1 


0. 001 


0. 005 


201 ^218 


2-05 




0,5 


8.0 


0.1 


0. 001 


0.005 


192 ^214 


2-06 




0,5 


10.0 


0.1 


0.001 


0. 005 


. n/y AAA 

178 '-'206 


2-07 


Em 


LO 


0.5 


0.4 


0.004 


0.008 


218 ^^232 


2-08 




LO 


LO 


0.4 


0.004 


0.008 


213 —227 


2-09 




l.O 


2. 0 


0-4 


0.004 


0. 008 


210 '^222 


2-10 




LO 


5.0 


0.4 


0.004 


0. 008 


203 —218 


2-11 




LO 


8.0 


0.4 


0.004 


0. 008 


194 ^14 


2-12 




LO 


10.0 


0.4 


0. 004 


0.008 


178 —208 


2-13 




2.0 


0.5 


0.6 


0. 006 


0.012 


218 —232 


244 




2.0 


LO 


0.6 


0.006 


0.012 


215 ~227 


2-15 




2,0 


2.0 


0,6 


0. 006 


0,012 


210 —223 


2-16 


s$ 


2.0 


5-0 


0.6 


0. 006 


0-012 


204 —219 


2-17 




10 


8.0 


0.6 


0.006 


0.012 


194 —215 


4 to 

2-18 




L 0 


10. U 


U. b 


0. UOd 




ITS — iSVr 


2-19 




15 


0.5 


LO 


0-01 


0.05 


219 -232 


2-20 




3.5 


LO 


LO 


0,01 


0.05 


215 —228 


2-21 




15 


2.0 


LO 


O.Ol 


0.05 


211 -224 


2-22 




15 


5.0 


LO 


0.01 


0.05 


205 -219 


2-23 




15 


8.0 


LO 


0.01 


0. 05 


194 -215 


2-24 




15 


10.0 


LO 


0.01 


0.05 


179 -208 



[0023] 
[Tables] 
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^3. mm 



No. 


Sn 


Ag 


B i 


Cu 


P 


Te 


Ga 




3-01 




0.5 


0.S 


0.1 


0.001 


0.001 


0.01 


217 ~232 


3-02 




"0.5 


1.0 


0.1 


0.001 


0.001 


0.01 


212 -227 


3-03 




0.5 


2.0 


0.1 


0.001 


0.001 


0.01 


209 ~222 


3-04 




0.5 


5.0 


O.l 


0.001 


0.001 


0.01 


201 -218 


3-05 




0.5 


8.0 


0.1 


0.001 


0.001 


0.01 


192 -214 


3-06 




0.5 


10.0 


0.1 


0.001 


0.001 


0. 01 


178 -206 


3-07 




1.0 


0.5 


0.4 


0.004 


0.004 


0.04 


218 —232 


3-08 


ma 


1.0 


1.0 


0.4 


0.004 


0.OO4 


0.04 


213 -227 


3-09 




1.0 


2.0 


0.4 


0.004 


0.004 


0.04 


210 -222 


3-10 


mi 


1.0 


5.0 


0.4 


0.004 


0.004 


0.04 


203 -218 


3-11 


m 


1.0 


8.0 


0.4 


0.004 


0.004 


0.04 


194 -214 


3-12 


m 


1.0 


10.0 


0.4 


0.004 


0.004 


0.04 


178 -208 


3-13 


mi 


2,0 


0.5 


0.6 


0.006 


0.006 


0.06 


218 -232 


3-14 




2.0 


1.0 


0.6 


0.006 


0.006 


0.06 


215 -227 


3-15 




2.0 


2.0 


0.6 


0.006 


0.006 


0.06 


210 -223 


3-16 


m 


2.0 


5.0 


0.6 


0.006 


0.006 


0.06 


204 -219 


3-17 




2.0 


8.0 


0.6 


0.006 


0.006 


ao6 


194 -215 


3-18 




2.0 


10.0 


0.6 


0.006 


0.006 


0.06 


179 -207 


3-19 




3.5 


0.5 


1.0 


0.01 


0.01 


0.1 


219 -232 


3-20 


rsm 


15 


1.0 


1.0 


0.01 


0.01 


0.1 


215 -228 


3-21 


mm 


3.5 


2.0 


1.0 


0.01 


0.01 


0.1 


211 -224 


3-22 


m 


3.5 


5.0 


1.0 


0.01 


0.01 


0.1 


205 -219 


3-23 


m 


3.5 


8.0 


1.0 


0.01 


0.01 


0.1 


194 -215 


3-24 


m 


3.5 


10.0 


1.0 


0.01 


0.01 


0.1 


179 —208 



[0024] 
[Table 4] 
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£4. mm 



No. 


Sn 


Ag 


Bi 


Cu 


P 


Co 




4-01 


m 


0.5 


0.5 


0.1 


0.001 


O.OOl 


217~232 


4-02 


m 


0.5 


1.0 


0.1 


0.001 


0.001 


212 -227 


4-03 




0.5 


2.0 


0.1 


0.001 


0.001 


209 -222 


4-04 


mi 


0.5 


5.0 


0.1 


0.001 


0.001 


201 -218 


4-05 


msi 


0.5 


8.0 


0.1 


0.001 


0.001 


192 -214 


4-06 


mm 


0.5 


10.0 


0.1 


0.001 


a 001 


178 -208 


4-07 


msn 


1.0 


0.5 


0.4 


0.004 


0.OO4 


218 -232 


4-08 


mm 


1.0 


1.0 


0.4 


0.004 


0.004 


213 -227 


4-09 


^ 


1.0 


2.0 


0.4 


0.004 


0.004 


210 -222 


4-10 




1.0 


5.0 


0.4 


0.004 


0.004 


203 -218 


4-11 




1.0 


8.0 


0.4 


0.004 


0.004 


194 -214 


4-12 




1.0 


lao 


0.4 


0.004 


0.004 


178 -208 


4-13 


mm 


2.0 


0.5 


0.6 


0.006 


0.006 


218 -232 


4-14 


mii 


2.0 


1.0 


0.6 


0.006 


0.006 


215 -227 


4-15 


msR 


2.0 


2.0 


0.6 


0.006 


0.006 


210 -223 


4-ie 


aes 


2.0 


5.0 


0.6 


0.006 


a 006 


204 -219 


4-17 


>m 


2.0 


8.0 


0.6 


0.006 


a 006 


194 <^15 


4-18 




2.0 


10.0 


0.6 


0.006 


0.006 


179 -207 


4-19 




15 


0.5 


1.0 


0.01 


0.01 


219 -232 


4-20 




3.5 


1.0 


1.0 


0.01 


0.01 


215 -228 


4-21 




3.5 


2.0 


1.0 


0.01 


0.01 


211 -224 


4-22 




3.5 


5.0 


1.0 


0.01 


0.01 


205 -219 


4-23 


ma 


3.5 


8.0 


1.0 


0.01 


0.01 


194 -215 


4-24 


m 


3.5 


10.0 


1.0 


0.01 


0.01 


179 ~Z08 
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as. mm 



No. 


Sn 


Ag 


B i 


Cu 


p 


Cr 




5-01 




0.5 


0.5 


0.1 


0.001 


0.005 


217 ~232 


5-02 




0.5 


1.0 


0.1 


0.001 


0.005 


212 ~227 


5-03 


m 


0.5 


2.0 


0. 1 


0.0O1 


0.005 


209 -222 


5-04 


mi 


0.5 


5.0 


0.1 


0.001 


0.005 


201 -218 


5-05 




0.5 


8.0 


O.l 


0.001 


0.005 


192 -214 


5-06 




0.5 


10. 0 


0.1 


0.001 


0.005 


178 -206 


5-07 


a« 


1.0 


0.5 


0.4 


0.004 


0.01 


218 -232 


5-08 




I.O 


1.0 


0.4 


0.004 


0.01 


213 -227 


5-09 


msi 


1.0 


2.0 


0.4 


0.004 


a 01 


210 -222 


5-10 




1.0 


5.0 


0.4 


0.004 


0.01 


203 -218 


5-11 




1.0 


8.0 


0.4 


0.004 


0.01 


194 -214 


5-12 


m 


1.0 


10.0 


0.4 


0.004 


0.01 


IT8 -aw 


5-13 




2.0 


0.5 


0.6 


0.006 


0.02 


218 -232 


5-14 




2,0 


1.0 


0.6 


0.006 


0.02 


215-227 


5-15 




2.0 


2.0 


0.6 


aoo6 


0.02 


210 -223 


5-16 




2.0 


5.0 


0.6 


0.006 


0.02 


204 -219 


S-17 




2.0 


8.0 


0.6 


0.006 


0.02 


194 -215 


5-18 




2.0 


10.0 


0.6 


0.006 


0.02 


179 -207 


5-19 




3.5 


0.5 


1.0 


0.01 


0.05 


219 ~2ffi 


5-20 


SIS 


3.5 


1.0 


1.0 


0.01 


0.05 


215 -228 


5-21 




15 


2.0 


1.0 


0.01 


0.05 


211 -224 


5-22 


S9 


3.5 


5.0 


1.0 


0.01 


0.05 


205 -219 


5-23 




as 


8.0 


1.0 


0.01 


0.05 


194-215 


5-24 


m 


3.5 


10.0 


1.0 


0.01 


0.05 


179 -aw 
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$6. mm 





Sn 




B i 


Cu 


p 


Cr 


Co 




6-01 


ISM 


0.5 


0.5 


0.1 


0.001 


0.005 


0.001 


217 -232 


6-02 


Sim 


•0.5 


1.0 


0.1 


0.001 


0.005 


0.001 


212 ~227 


6-03 




0,5 


2.0 


0.1 


0.001 


O.005 


0.001 


209 -222 


6-04 


&m 


0.5 


5.0 


0.1 


0.001 


0.005 


0.001 


201 -218 


6-05 




0.5 


8.0 


0.1 


0.001 


a 005 


0. 001 


192 -214 


6-06 




0.5 


10.0 


0.1 


0.001 


0.005 


0.001 


178 ~206 


6-07 




1.0 


0.5 


0.4 


0.004 


0.01 


0.004 


218 -232 


6-08 


mm 


1.0 


1.0 


0.4 


0.004 


0.01 


0.004 


213 -227 


6-09 


m 


1.0 


2.0 


0.4 


0.004 


0.01 


0.004 


210 —222 


6-10 


m 


1.0 


5.0 


0.4 


0.004 


0.01 


0.004 




6-11 




1.0 


8.0 


0.4 


0.0O4 


0.01 


0.004 


194 -214 


6-12 


^ 


1.0 


10.0 


0.4 


0.004 


0.01 


0.004 


178 —208 


6-13 




2.0 


as 


0.6 


0.006 


0.02 


0.006 


218 -232 


6-14 


m 


2.0 


1.0 


0.6 


0.006 


0.02 


0.006 


215 -227 


B-15 




2.0 


2.0 


0.6 


0.006 


0.02 


0.008 


210—223 


6-16 


m 


2.0 


S.0 


0.6 


0.006 


0.02 


0.006 


204 -218 


6-17 


m 


2.0 


8.0 


0.6 


0.006 


0.02 


0.006 


194 -215 


6-18 


m 


2.0 


10.0 


0.6 


0.006 


0.02 


0.006 


179 -207 


6-19 


jm 


3.5 


0.5 


1.0 


0.01 


0.05 


0.01 


219-^ 


6-20 


mi 


3.5 


1.0 


1.0 


0.01 


0.05 


0.01 


215 -228 


6-21 




3.5 


2.0 


1.0 


0. 01 


0,05 


0.01 


211 -223 


6-22 


m 


3.5 


5.0 


1.0 


0.01 


0.05 


0.01 


205 —218 


6-23 




3.5 


8.0 


1.0 


0.01 


0.05 


0.01 ■ 


194 -215 


6-24 


m 


3.5 


10.0 


1.0 


0.01 


0.05 


0.01 


179 -208 



[0027] The solder (example No.of comparison! -5) of the presentation shown in Table 7 was 
manufactured as an example of a comparison for comparing with the above and an example, and the 
melting temperature was measured. 
[0028] . 



*7. mm 



No. 


Sn 


Ag 


B i 


Cu 




1 




a. 5 






2 2 1-2 2 9 


2 




1. 5 


5. 0 




205-2 19 


3 




1. 5 




I. 0 


2 1 7-222 


4 


mm 


1.5 


5. 0 


1. 0 


20 1-218 


5 




2. 0 


7.5 


0.5 


1 7 7-2 0 9 
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[0029] About the above, the example, and the example of a comparison, it fell at the time of the tensile 
test at the time of ordinary temperature (measurement 1), the tensile test at the time of an elevated 
temperature (measurement 2), the creep test (measurement 3) by the fracture timing measurement at the 
time of ordinary temperature, and an elevated temperature out, and Young's modulus (measurement 5) at 
the time of timing measurement (measurement 4) and ordinary temperature was measured. 
[0030] The measurement result of the example of a comparison is shown in Table 8, and the 
measurement result of an example is shown in Tables 9-14. in addition, the unit of tensile strength - the 
unit of kgf/mm2 and elongation - the unit of %, fracture time amount, and gradation time amount - 
time amount (Hr) and Young*s modulus - kN/mm2 it is . 
[0031] 











H^4 










# 








1 


6.7 


2 7.4 


4. B 


2-5. 3 


9200£U: 




4 0.2 


2 


7. 6 


1 5. 3 


5. 3 


14.5 


920O£Lb 




3 7.8 


3 


5.5 


2 7.4 


3. 9 


29.4 


920OeU: 


mpJLt 


4 1.3 


4 


8.4 


1 6.7 


5,8 


15.8 




6G0O£U: 


3 8.7 


5 


8.3 


1 3.2 


5, 5 


14.8 


8300 


660QEU: 


4 L6 
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*9. IMSHJNO. l-Ql'-^-2 40^i^f£&^<D'mim7^i' 



No\ 




i*i 












# If 


mm 










1-01 


7.2 


16.7 


5.7 


lae 


9200aJ: 


eeooRh 


3a2 


1-02 


7.3 


15.3 


5.9 


14.2 


9200£Ui 


G8a0£U: 


77.8 


1-03 


7,7 


15.4 


ai 


13.8 






37.4 


1-04 


7.9 


14.2 


a4 


IZI 


9200J£LL 


eeoooj: 


3a7 • 


1-05 


8.4 


13.8 


a7 


11.8 


9200£U: 


6600^ 


35.9 


1-06 


&8 


12.4 


a 9 


10.2 


92Q0£Lb 


6600£U: 


3ai 


1-07 


7,3 


16.3 


a9 


lai 


92Q0£U: 




39.0 


1-08 


7.5 


15.7 


a2 


15.0 


9200Ri: 


6600J^ 


36.6 


1-09 


7.8 


14.3 


a4 


14.1 


920Q£iLh 




37.5 


1-10 


ai 


las 


ae 


lao 


020a£U: 


6S00J&Lh 


3a 7 


1-11 


&4 


12.6 


as 


12.3 


d20Q£Lb 


mm±. 


sai 


1-12 


&9 


11.8 


7.2 


10.9 


S200ai: 


G600EU: 


sas 


1-13 


lA 


16.4 


as 


ia8 


9200Ri: 


660001: 


39.1 


1-14 


7.6 


R7 


a 2 


14.4 


9200£a: 


6600^ 


38.6 


1-15 


7.8 


14.1 


a4 


115 


92O0J9U: 


660001: 


31.8 


1-16 


&3 


13.7 


a9 


12.5 


9200£Lb 


G600O1: 


37.1 


1-17 


as 


12.2 


7.0 


11.9 


9200£Lb 


6600£Lh 


3a5 


1-18 


0.2 


11.0 


7.3 


10.4 


S2002U: 


660Qah 


3ao 


1-19 


7.5 


15.9 


as 


ia2 


920001:. 


660001: 


3a4 


i-20 


7.9 


14.3 


a7 


liO 


9200EU: 


6600Oh 


37,5 


1-21 


8,4 


13.4 


a9 


113 


9200J2U: 


6600OJ: 


37.3 


1-22 


a9 


12.2 


ao 


12.1 


9200RJ: 


eeoooh 


36.6 


1-23 


9.2 


11.8 


a8 


11.3 


92001^ 


660001: 


35.5 


1-24 


9.5 


las 


7.0 


laz 


9200aJb 


6600Oi: 


3a 0 
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mm 


# xf 












2-01 


7.3 


lae 


5,5 


ia2 


920QCU: 


eeooRh 


3as 


2H)2 


7.5 


15.1 


5.6 


14.0 


9200JSa: 


6600J2U: 


37.9 


2-03 


7.8 


14.7 


a9 


114 


920Q£U: 


6600£U: 


37.3 


2-04 


8.1 


13.9 




11.9 


9200£a: 


6600J£Lh 


3a8 


2-05 


8.6 


13.5 


6.6 


1L6 


9200PXh 


66O0Ri: 


3a6 


2-06 


0.0 


12.0 


6.8 


las 


9200£Lt 


660aeU: 


34.0 


2-07 


7.1 


16.5 


5.6 


ia4 


S200£U: 


6600£Lk 


37.8 


2-08 


7.3 


15.0 


ai 


14.0 


9200EU: 


6600£Lk 


3a 9 


2-09 


7.5 


14.8 


as 


116 


920001 


6600JSU: 


37.0 


2-10 


ao 


Ri- 


aa 


XL 8 


9200aJi 


660QO± 


315 


2-11 


8,3 


ll 7 


7.1 


11.2 


9200^1 


mmt 


313 


2-12 


8.7 


IZ2 


7.3 


lao 


9200£Lb 


6e0Q8± 


36L6 


2-13 


7,4 


16.4 


a7 


lao 


9200£U: 


660a£Ll: 


311 


2-M 


7.7 


15.4 


a 9 


K2 


920a£U: 


6600£U: 


37.3 


2-15 


8.0 


14.9 


ai 


118 


9200^ 


6600£Lb 


318 


2-16 


7.9 


13.7 


a 4 


12.1 


9200aJ: 


eeooRJb 


36.5 


2-17 


8.5 


12.9 


a7 


1L8 


9200£Lh 


6600&J: 


3a2 


2-18 


8.7 


11.8 


a9 


10.2 


92Q0J5U: 


6600£Lh 


35.4 


2-19 


7.3 


15.9 


ar 


ia2 


9200£Lh 


66Q0£Lk 


38.2 


2-20 


7.6 


14.2 


a 9 


14.4 


920001: 


G600£Lt 


^.6 


2-21 


8.0 


13.5 


ai 


117 


9200£U: 


6600J2U: 


37.3 


2-22 


ao 


12.2 


a 4 


12.3 


9200JSU: 


6600£U: 


318 


2-23 


a7 


11.5 


a7 


11.2 


9200J&U: 


G600RJ: 


310 


2-24 


ai 


10.5 


a9 


9.9 


9200£U: 


6600CU: 


313 
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$1 1. mifino. 3-0 4<l){iAa!&&0mii»7'-» 



Ko\ 




m&m2 






9ssms 








# 








3-01 


7.1 


lae 


as 


ia3 


9200£U: 


G600£Ul 


3a4 


3-02 


7,4 


15.3 


5.8 


14.1 


9200RJb 


edoosLb 


37.6 


3-03 


7.9 


14.8 


ao 


12.9 


mm. 


66Q0£U: 


37,2 


3-04 


8.2 


14.0 


as 


a. 8 


9200«± 


660QEU: 


36.9 ' 


3-<J5 


8.8 


13.7 


a 9 


11.4 


9200£U: 


mm± 


36.1 


3-06 


9.1 


12-2 


7.0 


10.8 


9200JBU: 


66001^ 


35.8 


3-OT 


7.0 


16.3 


a9 


ia2 


9200£Lh 


eoooai: 


37.9 


3-08 


7,4 


14.9 


a 2 


14.1 


9200£U: 




37.4 


3-09 


7.7 


14.6 


a 5 


ia4 


9200RJ: 


G60OI2LL 


37.0 


3-10 


ai 


140 


a 9 


1L7 


02006U: 




3a9 


3-il 


8.4 


las 


7.1 


11.4 


SZOOOJ: 




3ao 


3-12 


&9 


12-3 


7.2 


ia3 


82OO0± 


wmh 


3a6 


3-13 


7.5 


lai 


a3 


15.4 


9200aJ: 


G600R1: 


3a4 


3-14 


7.8 


15.7 


as 


140 


9200£Lb 


eooa^U: 


37.9 


3-15 


az 


14.9 


ao 


117 


SZOORi: 


6600£U: 


37,1 


3-16 


as 


119 


a 2 


12.0 


9200JBU: 


e60Q&± 


3a6 


3-17 


a? 


ia2 


a 6 


ILG 


9200£LJ: 


eSOOCU: 


3a9 


3-ia 


9.1 


12.1 


ao 


ia4 


9200£Li: 


660a£U: 


35i7 


3-19 


7.1 


lai 


a 7 


147 


g200£U:, 


seooah 


37.6 


3-20 


7.4 


140 


a9 


ia8 


a200JELh 


GOOO£U: 


37.1 


3-21 


7.7 


ia3 


ai 


las 


9eO0£iLl: 


eeoojgU: 


3a8 


3-22 


ai 


12.0 


a 4 


11. 5 


9200150: 


6e00£U: 


3a8 


3-23 


as 


n.i 


a 7 


las 


9200JSU: 


G600£U: 


34.9 


3-24 


as 


10.0 


as 


17 


9200Ri; 


6600Ri: 


347 
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No\ 




»^2 






«£^5 
















4-01 


7.4 


16.9 


5l2 


15.0 


9200£U: 


660Qai: 


37.9 


4-02 


7.5 


15.0 


5.7 


13.7 


0200£L1: 


6600£U: 


36.6 


4-03 


7.8 


R4 


&1 


12.6 




6600£U: 


36.2 


4-04 


8.0 


Jig 


6.5 


11.9 


9200JeLb 


GGOOfiU: 


36.0 


4-05 


8.8 


13.6 


aa 


1L2 


gaooBLh 


6600£U: 


35.8 


4-06 


a. 8 


12.5 


7.1 


10.7 


9200Ri: 


6600RE: 


35.4 


4-07 


7.1 


16.1 


5.6 


15.3 


9200£U: 


6800£U: 


38.1 


4-08 


7.3 


15.7 


6.0 


14.5 


9200£U: 


G600CU: 


77.6 


4-09 


7.8 


14.5 


6,3 


lao 


ozooah 


6600CU: 


37.5 


4-10 


&3 


las 


617 


1^1 


9200£U: 


eeooELh 


3&9 


4-11 


8.6 


12.7 


7.0 


11. 5 


9200£Lb 


6600J6Lb 


36.0 


4-12 


9.1 


11.9 


7.3 


10,1 


9200£li: 


6600£Lh 


35.6 


4-13 


7.4 


16.3 


5.2 


15.3 


9200ah 


660a£li: 


38.0 


4-U 


7.7 


15.5 


5l4 


14.1 


92002U: 


BeooaJb 


37.6 


4-15 


8.3 


14.6 


&7 


13.9 


S200£li: 


6600£U: 


37.3 


4-16 


8.4 


13.5 


6.0 


12.3 


9200£U: 


66OO0± 


36.9 


4-17 


8.6 


12.8 


a4 


11.8 


9200£Lb 


660020: 


35.6 


4-18 


9.0 


11.4 


6.6 


10.2 


8Z00a± 


eeoQisU: 


35.0 


4-19 


7,0 


15.1 


5.5 


14.5 


92002U:- 


660Q£Lb 


3&6 


4-20 


7.1 


14.3 


5.9 


13.5 


9200«J: 


6600£Lb 


37.5 


4-21 


7.4 


13.2 


5.1 


12,7 


9200£U: 


6600^ 


37.3 


4-22 


8.3 


11.8 


6.2 


1L4 


9200^ 


eeooaj: 


36.6 


4-23 


8.9 


10.3 


6.4 


10.3 


9200JELI: 


6600£Lb 


3a 1 


4-24 


9.2 


9.8 


6.6 


9.8 


9200£U: 


6600£U: 


3a4 
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msm\ 








«S^5 








Of 








5-01 


7.3 


las 


5.4 


las 


d200£Lb 


660Q£U: 


3ai 


5-02 


7.4 


15.2 


5.8 


14.1 


9200J£Lb 


660a£Lk 


37.4 


5-03 


7.6 


14.5 


&I 


las 


920020: 


6600J@Lb 


3a9 


5-04 


7.9 


13.7 


a 4 


12.5 


g20a£U: 


eeoojeu: 


3a2 


5-05 


a.3 


las 


7.1 


11.4 


9200Jai: 


6600Rj: 


35.4 


5-06 


8.7 


12.4 


7.4 


10.9 


8200£U: 


&60OJ5U: 


3a2 


5-07 


7.3 


las 


5.8 


lai 


a200£U: 


6600£U: 


37.9 


5-08 


7.5 


IS. 6 


ao 


14.3 


d200£Lb 


6600CL1: 


37.5 


5-09 


7.9 


14.3 


a 2 




9200£U: 


esoopxt 


37.3 


5-10 


a2 


lao 


as 


las 


ezooeU: 


6600ai: 


37.0 


5-11 


8.5 


114 


ao 


112 


920fl£U: 


6G00JEU: 


3a5 


5-12 


9.0 


1L7 


7.2 


ia4 


9200JEU: 


6G00£iUl 


35.8 


5-13 


7.3 


lao 


5.7 


ia7 


9200JEU: 


OGOOJeU: 


3a7 


5-14 


7.6 


15.2 


a2 


14.0 


9200^ 


6600^ 


37.9 


5-15 


ai 


14.5 


a7 


lao 


9200£U: 


6600R1: 


37.4 


5-16 


as 


114 


7,0 


ia4 


9200al: 


6600£U: 


37.0 


5-17 


as 


12.5 


7.3 


11.6 


9200£L1: 


6600JSU: 


3ao 


S-18 


d.3 


11.0 


7.7 


lai 


9200£U: 


OGOOOi: 


3a3 


5-19 


7.2 


15.3 


5.6 


14.3 


d200£U:. 


6600^ 


3a3 


5-20 


7.3 


14.2 


ao 


13.4 


92O0£U: 


6600JSU: 


37.7 


5-21 


7.6 


115 


a 2 


12. S 


9200SJ: 


6600Jil± 


37.4 


5-22 


ai 


12.0 


a4 


1L2 


92002U: 


6600JeU: 


3a 5 


5-23 


a 4 


11.2 


6.7 


lae 


9200Ja± 


6S00JEU: 


3ao 


5-24 


as 


as 


6.8 


10.2 


92QOH± 


66OO0J: 


3a6 



[0037] 
[Table 14] 
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*14. JfejftWNO. 6-0 1-6-2 iOJU./f^^CDWSltlSff'-^' 















No\ 




# If 












8-01 


7,2 


16.6 


5.6 


15.1 


9200J5U: 


6600£U: 


38.2 


6H)2 


T.5 


15.1 


5.9 


14.3 


d200JSU: 


6600EU: 


37.3 


6-03 


7,8 


14.6 


6.2 


13.5 


g20QjeU: 


6600Rk 


36.8 


6-04 


6.1 


13.6 


6.6 


12.7 


9200JEU: 


6600J5U: 


36.3 


6-05 


8.5 


Hi 


7.0 


11.8 


920Q£U: 


6600JSU: 


35.9 


6-08 


&9 


12.2 


7.2 


10.6 


9200JSU: 


660001 


35.5 


6-07 


7.2 


15.9 


5.4 


15.0 


9200J&Li; 


G600OJ: 


38.3 


6-08 


7.7 


15,5 


5l8 


14.7 




esOQOi: 


37.8 


6-09 


8.0 


14.7 


6.1 


ia2 




660QOi: 


37.3 


6-10 


8.3 


13.9 


6.4 


12.7 


9200£Lb 


6600OJ: 


38.8 


€-11 


a4 


12.5 


a7 


11.5 


9200JEU: 


660001 


36.3 


6-12 


8.8 


1L8 


7.0 


10.8 


920Q£U: 


6600O± 


35.7 


6-13 


7.5 


15.9 


5.4 


15.7 


9200Ja± 


660001 


37.9 


6-14 


7.7 


15.0 


5.9 


14.3 


9200£Lfc 


660001 


37.5 


6-15 


8.3 


R7 


a4 


118 


d20a£U: 


660001 


37.4 


6-lB 


8.7 


ia6 


6.8 


12.1 


920QCU: 


6600O± 


3a7 


6-17 


9.1 


12.2 


7.0 


11.8 


9200ah 


660001 


3SlB 


6-18 


fl.5 


10.9 


7.4 


10l5 


92O0t£U: 


6600O1 


35.3 


6-19 


7.1 


15u3 


i8 


14.1 


920001- 


660001 


37.6 


6-20 


7.5 


14.1 


5.1 


13.0 


g200£U: 


660001 


36.9 


6-21 


7.9 


no 


5.5 


12.2 


9200£U: 


680001 


3G.4 


6-22 


8.2 


11.6 


5.8 


11.1 


9200J5U: 


660001 


3a9 


6-23 


8.6 


10.5 


6.3 


10.4 


9200£U: 


660001 


35.2 


6-24 


9.1 


9.6 


6.8 


9.3 


9200ah 1 


660001 


34.7 



[0038] The Measuring condition of measurement 1 - measurement 4 is as being shown below. 
[0039] 

Measurement 1: Equipment: Tension tester (Shimadzu trade name: autograph) 
Temperature: Ordinary temperature (25 degrees C) 
Speed of testing: 10 (mm/min.) 

Evaluation: ** tensile strength (Kg£^mm2) ** growth ** (%) Measurement 2: Equipment: Tension tester 

(Shimadzu trade name: autograph) 

Temperature: Elevated temperature (100 degrees C) 

Speed of testing: 10 (mm/min.) 

Evaluation: ** tensile strength (Kg£^mm2) ** growth ** (%) Measurement 3: Equipment: Tltie 
equipment and the test piece which are shown in drawing 1 Temperature: Ordinary temperature (25 
degrees C) 

Load: 15kg (7.5N/mm2) [Creep resistance] 
Time amount until it evaluates : fractures (Hr.) 

Test method: ******** formed like drawing 1 in ordinary temperature (25 degrees C) It is 2 7.5 N/mm 
to a golden test piece. A load is added and it is to fracture. Time amount was measured. 

[0040] 

Measurement 4: Equipment: Equipment shown in drawing 2 Temperature: Elevated temperature (100 
degrees C) 

Load: 1kg [creep resistance] 

Evaluation: Time amount until copper wire falls out (Hr.) 
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Test method: He is one side covellite Dos like drawing 2 at an elevated temperature (100 degrees C). It 
is 55mg about copper wire with a diameter of 1mm to a roux hole substrate. It solders with solder and is 
IKgf caudad. It is ** about a load. It obtained and the time amount to fracture was measured. 
[0041] 

Measurement 5: Equipment: Tension tester (Shimadzu trade name: autograph) 
Temperature: Ordinary temperature (25 degrees C) 
Speed of testing: 10 (mm/min.) 

Evaluation: It asks for Young's modulus from tensile strength and elongation. 

[0042] Elongation was low although, as for the example, the inclination for tensile strength to be high 
was accepted in the tensile test at the time of ordinary temperature (measurement 1) as compared with 
the example of a comparison as a result of measurement. 

[0043] In the tensile test (measurement 2) at the time of an elevated temperature (100 degrees C), 
although it was admitted that the tensile strength of an example was fully high to the example of a 
comparison, elongation was low. 

[0044] it was admitted that creep resistance boiled especially the above-mentioned example markedly to 
the example of a comparison in the creep test (measurement 3) by the fracture timing measurement at 
the time of ordinary temperature, and it excelled. 

[0045] Furthermore, it was admitted that it fell at the time of an elevated temperature out, and the above- 
mentioned example was extremely excellent in the bonding strength of the soldering section at the time 
of an elevated temperature to the example of a comparison in a timing measurement trial (measurement 
4). 

[0046] The solder of this invention is usable also about what can use v/ith the gestalt of a rod, a wire, a 

ribbon, preforming, solder powder, etc., and contains flux. 

[0047] 

[Effect of the Invention] According to tiiis invention, the unleaded solder which was excellent in the 
heat-resistant property and the creep-proof property, and was especially excellent in the bonding 
strength and tensile strength of the soldering section at the time of an elevated temperature can be 
offered. And when soldering of precision electronic equipment or the electronic equipment for 
automobiles is performed using the solder of this invention, reliable soldering which the crack or 
soldering exfoliation by thermal fatigue do not generate can be performed. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] Since a small chip and semi-conductor components are mounted with a 
sufficient precision on the circuit board of electronic equipment or an electrical machinery device, this 
invention relates to the unleaded solder mainly used. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this tr€uislation . 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Since, as for unleaded solder, the lead currently used with the conventional 
solder has toxicity, the environmental pollution by those industrial waste has been regarded as 
questionable now. So, although the demand in consideration of such an environmental side of unleaded 
solder is increasing, since unleaded solder is using Sn (tin) as the principal component, compared with 
the conventional solder, the melting point becomes high, wettability is also inferior in it a little, and, 
generally the inclination for a mechanical strength to become low is mainly accepted. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
daiDages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the unleaded solder which was excellent in the 
heat-resistant property and the creep-proof property, and was especially excellent in the bonding 
strength and tensile strength of the soldering section at the time of an elevated temperature can be 
offered. And when soldering of precision electronic equipment or the electronic equipment for 
automobiles is performed using the solder of this invention, reliable soldering which the crack or 
soldering exfoliation by thermal fatigue do not generate can be performed. 

[Translation done.] 



http://www4.ipdl,ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/30/05 



JP,2000-015476,A [TECHNICAL PROBLEM] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In addition to this, the conventional unleaded solder adds 
elements, such as Zn, In, Sb, and Bi, for Sn as a principal component, and supplements with high- 
melting [ which is a fault ], poor wettability, and a mechanical-strength fall. 

[0004] However, each element has merits and demerits, for example, wettability also worsens that Zn 
tends to receive oxidation in atmospheric air. Sb is an element which has some toxicity, quantity of 
output has a problem in supply few, and In serves as cost quantity. Moreover, Bi makes the eutectic 
presentation (melting point: 138 degrees C) of Sn-Bi, and is weak against heat and an impact. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] The unleaded solder of this invention selected Sn-Ag-Cu-Bi which 
does not have toxicity and is excellent also in adequate supply nature as a basic presentation in order to 
solve the above-mentioned technical problem. And the 1st invention of this application - the 6th 
invention add the following presentations in the above-mentioned basic configuration, and are 
constituted. 

[0006] The 1st invention requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0.5 - 10,0 mass %, Cu 0.1 - 
1.0 mass %, PO.OOl - 0.01 mass %, nickel 0.001 - 0.01 mass %, and the solder containing Sn. The 2nd 
invention requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0,5 - 10.0 mass %, Cu 0. 1 - 1 .0 mass %, 
PO.OOl - 0.01 mass %, germanium 0.005 - 0.05 mass %, and the solder containing Sn. The 3rd invention 
requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0. 1 - 1 .0 mass %, PO.OOl - 
0.01 mass %, Te 0.001 - 0.01 mass %, Ga 0.01 - 0. 1 mass %, and the solder containing Sn. 
[0007] The 4th invention requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0.5 - 10.0 mass %, Cu 0. 1 - 
1.0 mass %, PO.OOl - 0.01 mass %, Co 0.001 - 0.01 mass %, and the solder containing Sn. 
[0008] The 5th invention requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0.5 - 10.0 mass %, Cu O.I - 
1.0 mass %, PO.OOl - 0.01 mass %, Cr 0.005 - 0.05 mass %, and the solder containmg Sn. The 6th 
invention requires a presentation for Ag 0.5 - 3.5 mass %, Bi 0:5 - 10.0 mass %, Cu 0. 1 - 1 .0 mass %, 
PO.OOl - 0.01 mass %, Cr 0.005 - 0.05 mass %, Co 0.001 - 0.01 mass %, and the solder containmg Sn. 
[0009] In the solder presentation of the 1st invention, addition of Ag is effective in improving a fall and 
mechanical property of melting temperature. However, under 0.5 mass % of the effectiveness is 
inadequate, and on the other hand, by 3.5 mass % **, Ag addition causes a rise and cost quantity of 
melting temperature, and cannot expect the effectiveness. Since the effectiveness that Ag addition 
improves a fall and mechanical property of melting temperature in 2.5 mass % from 1.5 mass % is seen, 
it is the most desirable. 

[0010] Addition of Bi lowers the melting temperature of solder, prevents the thermal damage on 
components or a printed circuit board, and is effective in improving the mechanical property after 
soldering further. However, under by 0.5 mass %, the effectiveness has inadequate Bi addition ind, on 
the other hand, it becomes it is hard and weak at 10.0 mass % **. 

[001 1] Addition of Cu makes an organization make it detailed more, and is effective in improving a 
mechanical property fiirther. However, under 0.1 mass % of the effectiveness is [ Cu addition ] 
inadequate, and, on the other hand, it reduces a mechanical property by the rise of melting temperature, 
and big and rough-ization of the crystalline structure by 1.0 mass % **, Since the effectiveness that Cu 
addition makes an organization make it detailed more in 0.8 mass % from 0.5 mass %, and improves a 
mechanical property further is seen, it is the most desirable. 

[0012] Addition of P is effective in improving antioxidizing and a mechanical property. However, under 
0,001 mass % of the effectiveness is [ P addition ] inadequate, and, on the other hand, it reduces a 
mechanical property by 0.01 mass % **. Since the effectiveness that P addition improves the 
antioxidizing effectiveness and a mechanical property in 0.004 to 0.006 mass % is seen, it is the most 
desirable. 
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[0013] Although nickel addition makes a solder organization make it detailed more and a mechanical 
property is made to improve further, under 0,001 mass % of the effectiveness is [ nickel addition ] 
inadequate, and, on the other hand, it skyrockets melting temperature by 0.01 mass % **. Since the 
effectiveness that nickel addition makes a solder organization make it detailed more, and makes a 
mechanical property improve further in 0,004 to 0.006 mass % is seen, it is the most desirable. 
[0014] In the solder presentation of the 2nd invention, although germanium addition makes a solder 
organization make it detailed more and a mechanical property is made to improve further, under 0.005 
mass % of the effectiveness is [ germanium addition ] inadequate, and, on the other hand, it skyrockets 
melting temperature by 0.05 mass % **. Since the effectiveness that germanium addition makes a solder 
organization make it detailed more, and makes a mechanical property improve further in 0.008 to 0.012 
mass % is seen, it is the most desirable. 

[0015] Having added Te and Ga aims at aiming at detailed-izing of an organization, and an 
improvement of a mechanical property more, and anti oxidizing in the solder presentation of the 3rd 
invention. However, under 0,001 mass % of the effectiveness is [ Te addition ] inadequate, and, on the 
other hand, melting temperature rises by 0.001 mass % **. Under 0.01 mass % of the effectiveness is 
[ Ga addition ] inadequate, and, on the other hand, melting temperature rises by 0. 1 mass % **. In 0.001 
to 0.005 mass %, since make a solder organization make it detailed more, a mechanical property is made 
to improve further and the antioxidizing effectiveness is also seen, Te addition is the most desirable. In 
0.01 to 0.05 mass %, since make a solder organization make it detailed more, a mechanical property is 
made to improve further and the antioxidizing effectiveness is also seen, Ga addition is the most 
desirable. 

[0016] Having added Co aims at aiming at detailed-izing of an organization, and an improvement of a 
mechanical property more in the solder presentation of the 4th invention. However, under 0.001 mass % 
of the effectiveness is [ Co addition ] inadequate, and, on the other hand, melting temperature rises by 
0.0 1 mass % **. Since the effectiveness that Co addition makes a solder organization make it detailed 
more, and makes a mechanical property improve further in 0,004 to 0.006 mass % is seen, it is the most 
desirable. 

[0017] Having added Cr aims at aiming at detailed-izing of an organization, and an improvement of a 
mechanical property more in the solder presentation of the 5th invention. However, under 0.005 mass % 
of the effectiveness is [ Cr addition ] inadequate, and, on the other hand, melting temperature rises by 
0.05 mass % Since the effectiveness that Cr addition makes a solder organization make it detailed 
more, and makes a mechanical property improve further in 0.01 to 0.02 mass % is seen, it is the most 
desirable. 

[0018] In the solder presentation of the 6th invention, having added Co further to the solder presentation 
of the 5th invention aims at heightening more the effectiveness which makes detailed the solder 
organization which Cr has, and the effectiveness which a mechanical property improves. However, 
under 0.001 mass % of the effectiveness is [ Co addition ] inadequate, and, on the other hand, melting 
temperature rises by 0.01 mass % **. Since the effectiveness that Co addition makes a solder 
organization make it detailed more, and makes a mechanical property improve further in 0.0p4 to 0.006 
mass % is seen, it is the most desirable. 
[0019] 

[Embodiment of the Invention] As an example, Table 1 (example No. 1-01-1-24), Table 2 (example 
No.2-0 1-2-24), The solder of tiie presentation shown in Table 3 (example No,3-01-3-24), Table 4 
(example No.4-0M-24), Table 5 (example No.5-0 1-5-24), and Table 6 (example No.6-01-6-24) was 
manufactured. 

[0020] The figure which shows the presentation rate in Table 6 from Table 1 shows mass %, and 
melting temperature shows (solidus-line temperature - liquidus-Une temperature). 

[0021] 
[Table 1] 
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mi. mm 



No. 


Sn 


Ag 


Bi 


Cu 


P 


Ni 




1-01 


m 


0.5 


0.5 


0.1 


0.001 


0.001 


217 --232 


1-02 


m 


0.5 


1.0 


0.1 


0.001 


0.001 


212 -227 


1-03 




0.5 


2.0 


0.1 


0.001 


0.001 


209 -^222 


IHM 




0,5 


5.0 


0,1 


0.001 


0.001 


201 --218 


1-05 


mi 


0.5 


8.0 


0.1 


0.001 


0.001 


192 -214 


1-06 


mi 


0.5 


10. 0 


0.1 


0.001 


0,001 


178 -206 


1-07 


m 


1.0 


0.5 


0.4 


0.004 


0.004 


218 -232 


1-08 




l.O 


LO 


0.4 


0.004 


0.004 


213 -227 


1-09 




LO 


2.0 


0.4 


0.004 


0.004 


210 -222 


1-10 




1.0 


5.0 


0.4 


0.004 


0.004 


203 -218 


1-11 




1.0 


8.0 


0.4 


0.004 


0.004 


194 -214 


1-12 




1.0 


10.0 


0.4 


0.004 


0.004 


178 -208 


1-13 




2.0 


0.5 


0.6 


0.006* 


0.006 


218 -232 


1-14 




2.0 


LO 


0.6 


0.006 


0.006 


214 -227 


1-15 


SIS 


2.0 


2.0 


0.6 


0.006 


0.006 


210 -'222 


1-16 




2.0 


5.0 


0.6 


0.006 


aoo6 


203 -218 


1-17 




2.0 


8.0 


0.6 


0.006 


aoo6 


194 -215 


1-18 




Z.0 


10.0 


0.6 


0.006 


0.006 


179 -207 


1-19 


mi 


3.5 


0.5 


1.0 


0.01 


0.01 


219 -232 


1-20 




3.5 


LO 


LO 


0.01 


a 01 


214 -227 


1-21 




3.5 


2.0 


LO 


0.01 


0.01 


211 -222 


1-22 




3.5 


5.0 


LO 


0.01 


0.01 


205 -219 


1-23 




3.5 


8.0 


LO 


O.OI 


0.01 


194 -215 


1-24 




3.5 


10.0 


LO 


0.01 


0.01 


179 -208 



[0022] 
[Table 2] 
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^2, ^iSM 



No. 


Sn 


Ag 


B i 


Cu 


P 


Ge 




2-01 




0.5 


0.5 


0.1 


0.001 


0.005 


217 -232 


2-02 




•0.5 


1.0 


0.1 


0.001 


0.005 


212 -227 


2-03 




0.5 


2.0 


0.1 


0.OO1 


0.005 


209 -222 


2-04 


mi 


0.5 


5.0 


0.1 


0.001 


0.005 


201 -218 


2-05 




as 


8.0 


0.1 


0.001 


0.005 


192 -214 


2-06 


mi 


0.5 


10.0 


0.1 


0.001 


0.005 


178 -206 


2-07 


m 


LO 


0.5 


0.4 


0.004 


0.008 


218 -232 


2-08 




1.0 


1.0 


0.4 


0.004 


0.008 


213 -227 


2-09 


m 


1.0 


2.0 


0.4 


0.004 


0.008 


210 -222 


2-10 


sx 


1.0 


5.0 


0.4 


0.004 


oioos 


203 -218 


2-11 




1.0 


8.0 


0.4 


0.004 


0.008 


194 -214 


2-12 


m 


1-0 


10.0 


0.4 


0.004 


0.008 


178 —208 


2-13 




2.0 


0.5 


0.6 


0.006 


0.012 


218 -232 


2-14 




2.0 


1.0 


0.6 


0.006 


0.012 


215-227 


2-15 


m 


2.0 


2.0 


0.6 


0.006 


0.012 


210-223 


2-16 




2.0 


5.0 


0.6 


0.000 


0.012 


204 -219 


2-17 


mm 


10 


8.0 


0.6 


0.006 


0.012 


194 -215 


2-18 




2.0 


10.0 


0.6 


0.006 


0.012 


179 -207 


2-19 




3.5 


0.5 


1.0 


0.01 


0.05 


219 -232 


2-20 




3.5 


1.0 


1.0 


0.01 


0.05 


215 -228 


2-21 




3.5 


2.0 


1.0 


0.01 


0.05 


211 -224 


2-22 


m 


3.5 


5.0 


1.0 


0.01 


0.05 


205 -219 


2-23 




15 


8.0 


1.0 


0.01 


0.05 


194 -215 


2-24 


911$ 


3.5 


10.0 


1.0 


0.01 


0.05 


179~2(» 



[0023] 
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No. 


Sn 


Ag 


B i 


Cu 


P 


Te 


Ga 




3-01 




0.5 


0.5 


ai 


0.001 


0.001 


0.01 


217 -232 


3-02 


sa5 


■0.5 


1.0 


0.1 


0.001 


0.001 


0.01 


212 -227 


3-03 




0.5 


2.0 


0.1 


0.001 


0.0O1 


0. 01 


2G9 -222 


3-04 




0.5 


5.0 


0.1 


0.001 


0.001 


0.01 


201 -218 


3-05 




0.5 


8.0 


0.1 


0.001 


0.001 


0.01 


192 -214 


3-06 




0.5 


10.0 


O.l 


0.001 


0.<K)1 


0.01 


178 -206 


3-07 


m> 


1.0 


0.5 


0.4 


0.OO4 


0.004 


0.04 


218 -232 


3-08 




1.0 


1.0 


0.4 


0.004 


0.004 


0.04 


213 -227 


3-09 




1.0 


2.0 


0.4 


0.004 


0.004 


0.04 


210 -222 


3-10 




1.0 


5.0 


0.4 


0.004 


0.004 


0.04 


203 -218 


3-11 




1.0 


8.0 


0.4 


0.004 


0.004 


0.04 


194 -214 


3-12 




LO 


10.0 


a4 


0.004 


0.004 


0.04 


178 -2M 


3-13 




2.0 


0.5 


0.6 


0.006 


0.006 


0.06 


218 -232 


3-14 




2.0 


1.0 


0.6 


0.006 


0.006 


0.06 


215 —227 


3-15 




2.0 


2.0 


0.6 


0.006 


0.006 


0.06 


210 -223 


3-16 




2.0 


5.0 


0.6 


0.006 


0.006 


0.06 


204 -219 


3-17 




2.0 


8.0 


0.6 


0.006 


a 006 


ao6 


194 -215 


3-18 




2.0 


10.0 


0.6 


0.006 


0.006 


0.06 


179 -207 


3-19 




3.5 


a5 


1.0 


0.01 


0,01 


0.1 


219 ~Z32 


3-20 




3.5 


1.0 


1.0 


0.01 


0.01 


0.1 


215 -228 


3-21 


sue 


3.5 


2.0 


1.0 


0.01 


0.01 


0.1 


211 -224 


3-22 


m> 


3.5 


5.0 


1.0 


0.01 


0.01 


0.1 


205 -219 


3-23 


mm 


3.5 


8.0 


1.0 


0.01 


0.01 


0.1 


194 -215 


3-24 


m 


3.5 


10.0 


1.0 


0.01 


0.01 


0.1 


179 -208 
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Sit. mm 



No. 


Sn 


Ag 


B i 


Cu 


P 


Co 




4-01 


«^ 


0,5 


0.5 


0.1 


0.001 


0.001 


217 '-232 


4-02 




jO.5 


1.0 


O.l 


0.001 


0.001 


212 -227 


4-03 




0.5 


2.0 


0.1 


0.001 


0.001 


209 -222 


4-04 




0.5 


5.0 


0.1 


0.001 


0.001 


201 -218 


4-05 




0.5 


8.0 


0.1 


0.001 


0.001 


192 -214 


4-06 


SO! 


0.5 


10.0 


0.1 


0.001 


0.001 


178 -206 


4-07 




I.O 


0.5 


0.4 


0.004 


0.004 


218-232 


4-08 


mM 


1.0 


1.0 


0.4 


0.004 


0.004 


213 -227 


4-09 




1.0 


Z.0 


0.4 


0.004 


0.004 


210 -222 


4-10 




1.0 


5.0 


0.4 


0.004 


0.004 


203 -218 


4-11 




10 


8.0 


0.4 


0.004 


0.004 


194 -214 


4-12 




1.0 


lao 


0.4 


0.004 


0.004 


178 -208 


4-13 




2.0 


0.5 


0.6 


O.O0G 


0.006 


218 -232 


4-14 


mi' 


2.0 


1.0 


0.6 


0.006 


0.006 


215 -227 


4-15 


m. 


2.0 


2.0 


0.6 


0.006 


0.006 


210 -223 


4-16 




2.0 


5.0 


0.6 


0.006 


0.006 


204 -219 


4-17 




2.0 


8.0 


0.6 


aoo6 


0.006 


194 -215 


4-18 




2.0 


10.0 


0.6 


0.006 


aoo6 


179 -207 


4-19 




15 


0.5 


1.0 


0.01 


0.01 


219 -232 


4-20 




3.5 


1.0 


1.0 


0.01 


0. 01 


215 -228 


4-21 




3.5 


2.0 


1.0 


0.01 


0.01 


211 -224 


4-22 


SIS 


3.5 


5.0 


1.0 


0.01 


0.01 


205 -219 


4-23 




3.5 


8.0 


1.0 


0.01 


0.01 


194 -215 


4-24 




3.5 


10.0 


1.0 


0.01 


0.01 


179 -208 
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£5. ^im 



No. 


Sn 


Ag 


B t 


Cu 


P 


C r 




5-01 


mi 


0.5 


0.5 


0.1 


0.001 


0.005 


217 -232 


5-02 


ssu 


0.5 


1.0 


0.1 


0.001 


a 005 


212 -227 


5-03 


m 


0.5 


2.0 


0.1 


0.001 


0.005 


209 —222 


5-04 


sai 


0.5 


5.0 


0.1 


0.001 


0.005 


201 —218 


5-05 


mi 


0.5 


8.0 


O.l 


0.001 


0-005 


192 -214 


5-06 




0.5 


10.0 


0.1 


0.001 


0.005 


178 —206 


5-07 


a« 


1.0 


0.5 


0.4 


0.004 


O.Ol 


218 -232 


5-08 




1.0 


1.0 


0.4 


0.004 


0.01 


213 -227 


5-09 




1.0 


2.0 


a4 


0.004 


0.01 


210 -222 


5-10 




1.0 


5.0 


0.4 


0.004 


0.01 


203 -218 


5-11 




1.0 


8.0 


0.4 


0.004 


0.01 


194 —214 


5-12 




1.0 


10.0 


0.4 


a 004 


0.01 


178 -208 


5-13 


^ 


2.0 


0.5 


0.6 


0.006 


0.02 


218 -232 


5-14 


mi 


2.0 


1.0 


0.6 


0.006 


0.02 


215 -227 


5-15 


mB 


2.0 


2.0 


0.6 


0.006 


0.02 


210 ^223 


5-16 


ass 


2.0 


5.0 


0.6 


0.006 


0.02 


204 -219 


5-17 


a$ 


2.0 


ao 


0.6 


0.006 


0.02 


194 -215 


5-18 


m 


2.0 


10,0 


0.6 


O.0O6 


0.02 


179 -207 


5-19 




3.5 


0.5 


1.0 


0.01 


0.05 


219 -232 


5-20 




3.5 


1.0 


1.0 


0.01 


0.05 


215 -228 


5-21 




15 


2.0 


1.0 


0.01 


0,05 


211 -224 


5-22 


m 


3.5 


5.0 


1.0 


0.01 


0.05 


205 -219 


5-23 




as 


8.0 


1.0 


0.01 


0.05 


194-215 


5-24 


m 


3.5 


10.0 


1.0 


0.01 


0.05 


179 -208 
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$6. mm 



No. 


Sn 




B 1 


Cu 


P 


Cr 


Co 


mmsspc 


6-01 




0.5 


0.5 


0.1 


0.001 


0.005 


0.001 


217 -232 


6-02 




D,5 


1,0 


0.1 


0.001 


0,005 


0.001 


212 -227 


6-03 




0,5 


2,0 


0.1 


a 001 


0. 005 


0.001 


209 -222 


6-04 




0.5 


5.0 


0.1 


a 001 


0.005 


0.001 


201 -218 


6-05 




0.5 


8.0 


0.1 


0.001 


0.005 


0. 001 


192 -214 


6-06 




0.5 


10.0 


0.1 


0. 001 


0-005 


0.001 


178 -206 


6-07 




1.0 


0.5 


0.4 


0.004 


0.01 


0.004 


218 -232 


6-08 


mm 


1.0 


1.0 


0.4 


0.004 


0. 01 


0.004 


213 -227 


6-09 


%9 


1.0 


2.0 


0.4 


0.004 


0.01 


0.004 


210 -222 


6-10 


m 


LO 


5.0 


0.4 


0.004 


0.01 


0.004 


203 -218 


6-11 




1.0 


8.0 


0.4 


O.0O4 


0.01 


0.004 


194 -214 


6-12 




1.0 


10,0 


0.4 


0.004 


0.01 


0.004 


178 —208 


6-13 


SIS 


2.0 


0.5 


0.6 


0.006 


0.02 


0,006 


218 -232 


6-14 


as 


2L0 


1,0 


0,6 


0.006 


0.02 


0.006 


215-227 


B-15 




10 


2.0 


0,6 


0.006 


0.02 


0.006 


210 —223 


6-16 


ma 


2.0 


5.0 


0.6 


0.006 


0.02 


0.006 


204 -218 


6-17 




2,0 


8.0 


0,6 


0.006 


0.02 


0.006 


194 -215 


6-18 


m 


2.0 


10.0 


0.6 


0.006 


0.02 


0.006 


179 -207 


6-19 




3.5 


0.5 


1.0 


0.01 


0.05 


0.01 


219-232 


6-20 


W& 


3.5 


1.0 


1.0 


0.01 


0.05 


0.01 


215 -228 


6-21 




3.5 


2.0 


1.0 


0, 01 


0.05 


0.01 


211 -223 


6-22 




3.5 


5-0 


1.0 


0. 01 


0.05 


0.01 


205 —218 


6-23 


SIS 


3.5 


&.0 


1.0 


0.01 


0.05 


0.01 ' 


194 —215 


6-24 




15 


10.0 


1.0 


0.01 


0.05 


0,01 


179 -208 



[0027] The solder (©cample No.of comparison 1-5) of the presentation shown in Table 7 was 
manufactured as an example of a comparison for comparing with the above and an example, and the 
melting temperature was measured. 
[0028] 
[Table 7] 

iS7. ItttM 



No. 


Sn 


Ag 


B i 


Cu 




1 




3. 5 






2 2 l-'22 9 


2 


m 


1.5 


S. 0 




205-2 1 9 


3 


s$ 


1. 5 




1. 0 


2 1 7-222 


4 


jsm 


1.5 


5.0 


1.0 


20 1-2 1 8 


5 


3^ j 


2. 0 


7.5 




1 7 7—2 0 9 
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[0029] About the above, the example, and the example of a comparison, it fell at the time of the tensile 
test at the time of ordinary temperature (measurement 1), the tensile test at the time of an elevated 
temperature (measurement 2), the creep test (measurement 3) by the fracture timing measurement at the 
time of ordinary temperature, and an elevated temperature out, and Young's modulus (measurement 5) at 
the time of timing measurement (measurement 4) and ordinary temperature was measured. 
[0030] The measurement result of the example of a comparison is shown in Table 8, and the 
measurement result of an example is shown in Tables 9-14, in addition, the unit of tensile strength — the 
unit of kgf/mm2 and elongation - the unit of %, fracture time amount, and gradation time amount - 
time amount (Hr) and Young's modulus — kN/mm2 it is . 
[0031] 
[Table 8] 



\m 

No.\ 




»E^2 














# Of 








I 


6. 7 


2 7.4 


4. B 


2 5. 3 




6600eU: 


4 0,2 


2 


7. 6 


1 5. 3 


5. 3 


14.5 






3 7.8 


3 


5.5 


2 7.4 


3. a 


2 9.4 






4 1.3 


4 


8.4 


I 6.7 


5,8 


15,8 


gaoo£U: 


GGOORh 


3 8.7 


5 


8.3 


\ 3.2 


5-5 


14.8 


83(» 


660QEU: 


4 1.6 
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ISSiPJNO. 1-0 l~l-2 4<!)<i^/;^&<04t&ltR7*-^ 



\^ 








a@R»4 






# 


mm, 


» 0^ 








1-01 


7.2 


16.7 


5.7 


15.6 


9200RJ: 


6600£U: 


38.2 


1-02 


7.3 


15.3 


5.9 


14.2 


d2OQ0Ji 


eSOOJSLb 


37.8 


1-03 


7.7 


15.4 


6.1 


13.8 


920020: 


6600JSU: 


ZiA 


1*04 


7.9 


112 


&4 


12.1 


92O0ai: 


6600Rh 


3a7 


1-05 


8.4 


laa 


6.7 


11.8 


9200£U: 




35.9 


1-06 


&8 


12.4 


6.9 


10.2 


9200£Lh 


6600£Ui 


35.1 


1-07 


L3 


16.3 


5.9 


16.1 


92006U: 


660a£U: 


18.0 


1-08 


7.5 


15.7 


6.2 


15.0 


9200£U: 


6600JSU: 


3&6 


1-09 


7.8 


14.3 


6.4 


14.1 


920Q£Lk 


660Q£U: 


37.5 


MO 


&1 


13.5 


6.6 


13.0 


920Q£U: 


6600JEU: 


38i7 


1-11 


8.4 


12. S 


ag 


12.3 


9200R1: 


660Q£Lh 


3&1 


1-12 


8.9 


11.8 


7.2 


10.9 


9200£U: 


660a£U: 


36l5 


1-13 


7.4 


15.4 


5.8 


15.8 


9200£U: 


66Mai: 


39.1 


1-14 


7.6 


14.7 


6.2 


14.4 


9200JEU: 


6600J5U: 


38.6 


1-15 


7.8 


14.1 


6.4 


13.5 


92Q0J&U: 


eeooRi: 


3T.8 


1-16 


8.3 


13.7 


6.9 


12.5 


920QEU: 


eeooRJt 


ST.l 


1-17 


8.5 


12.2 


7.0 


11. 9 


920Q£Lb 


6600£Lb 


36.5 


M8 


0.2 


ILO 


7.3 


10.4 


9200£U: 


66001^ 


36.0 


1-19 


7.5 


15.9 


5.5 


15.2 


920001:. 


6600£L1: 


38.4 


1-20 


7.9 


14.3 


5.7 


14 0 


9200JeU: 


6600^ 


37,5 


1-21 


8.4 


13.4 


5.9 


13.3 


9200J&Lh 


6600£Lb 


37.3 


1-22 


8.9 


12.2 


6.0 


12.1 


9200£U: 


6600J5U: 


36.6 


1-23 


a2 


11.8 


6.8 


11.3 


9200JEU: 


660OJBU: 


35.5 


1*24 


9.5 


10.8 


7.0 


laz 


9200£U: 


6600£U: 


35lO 
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\^ 














# Of 




# 








2-01 


7.3 


16.6 


5.5 


15.2 


920Q£U: 


66OO0± 


38LS 


2-02 


7.5 


15.1 


5.6 


14.0 


9200JeLb 


6600ai: 


37.9 


2-03 


7.8 


117 


5.9 


114 


9200jaLt 


esooygU: 


37.3 


2-04 


8-1 


13.9 


6.2 


U.9 


9200ai: 


BGOOJEU: 


36.8 


2-05 


8.6 


13.5 


6.6 


1L6 


fi200ai: 


66001^ 


35.6 


2-06 


9.0 


12.0 


6.8 


ia5 


9200JeU: 


6600J5U: 


34.9 


2-07 


7.1 


16.5 


5.6 


15v4 


9200£U: 


eeooysLh 


37.8 


2-08 


7.3 


15.0 


&1 


14.0 


9200£U: 


6600£th 


3&9 


2-09 


7.5 


14.8 


6.3 


13. 6 


620001: 


6600£U: 


37.0 


2-10 


&0 


Rl 


&B 


ILB 


9200JSU: 


6600£U: 


36.5 


2-U 


8.3 


13.7 


7.1 


11.2 


6200BU: 


6600^ 


36L3 


2-12 


8.7 


1^2 


7.3 


10,0 


9^0J£Lh 


BQm± 


36i6 


2-13 


7.4 


16.4 


5.7 


15i6 


9200£U: 


66oaai: 


3&1 


2-14 


7.7 


15.4 


5.9 


14.2 


920001: 




37.3 


2-15 


8.0 


14.9 


6.1 


13.8 


9200J^ 


6600^0: 


36l8 


2-16 


7.9 


13.7 


6.4 


12.1 


aaoofiU: 


660QEU: 


36.5 


2-17 


8.5 


12. g 


6.7 


1L8 


9200yeLh 




36.2 


2-18 


8.7 , 


11.8 


&9 


10.2 


92Q0J&U:: 


6600£li: 


35.4 


2-19 


7.3 


15.9 


5.7 


15,2 


9200£U: 


6600£Lh 


38.2 


2-20 


7.6 


14.2 


5.9 


14.4 


9200J2Lt 


6600£U: 


37.6 


2-21 


8.0 


115 


6.1 


ia7 


920GPJJ1 




3T.3 


2-22 


8.0 


12.2 


6.4 


12.3 


9200£Lb 


660001 


36.8 


2-23 


8.7 


11.5 


a7 


11.2 


9200Rh 


6600R1 


36.0 


2-24 


ai 


10.5 


6.9 


9.9 


9200£Lb 


eeoocLb 


35.3 



[0034] 
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m 1. wmno. 3-0 i'-a-2 imiM£^B0mm7'-fi 







&#1 




«»g9M4^3 




«^5 




<* 




# 1/ 








3-01 


7.1 


16.6 


5l5 


15^3 


920QEU: 


6600£U: 


314 


3-02 


7.4 


15.3 


5.8 


14.1 


92(KUEU: 


6600EU: 


37.6 


3-03 


7.9 


14.6 


6^0 


12.9 


920Q£U: 


6600£a: 


37.2 


3-04 


8.2 


14.0 


6.3 


11.8 


ozooah 


6600Ri: 


36.9 


3-05 


8.8 


13.7 


6.9 


11.4 


9200£Lb 


660QRh 


36.1 


3-06 


9.1 


12.2 


7.0 


10.8 


9200aJ: 


6600J2U: 


35.6 


3-07 


7.0 


16.3 


5,9 


15.2 


920QJEU: 


6600JSU: 


37.fi 


3-08 


7.4 


14.9 


6.2 


14.1 




6600£U: 


37.4 


3-OB 


7.7 


14.6 


6.5 


13.4 


9200£Lh 


GGOOOh 


37.0 


3-10 


a.1 


14.0 


6.9 


1L7 


a200J2U: 


6600£Lb 


3&9 


3-U 


8.4 


13.8 


7.1 


1L4 


9200£Ul 


66C0£U: 


310 


3-12 


&9 


12,3 


7.2 


ia3 


9200ai: 




35.6 


3-13 


7.6 


18.1 


5.3 


15.4 


0200eLh 


660aJSU: 


314 


3-U 


7.8 


15.7 


5.6 


RO 


9200JEU: 


6600SU: 


37.9 


3-15 


8.2 


14.9 


6.0 


117 


9200£U: 


6600£U: 


37.1 


3-16 


&3 


119 


a2 


12.0 


92mLt 


eeoojeu: 


36.6 


3-17 


8.7 


112 


6.6 


11. 6 


9200J^ 


6600JEU: 


35.9 


3-18 


9.1 


12.1 


6.9 


ia4 


92OOJ0± 


6600JBU: 


35.7 


3-19 


7.1 


15.1 


5.7 


14.7 


9200£U:, 


860001: 


37.6 


3-20 


7.4 


140 


&9 


118 


d200£U: 


6600£Lh 


37.1 


3-21 


7.7 


113 


&] 


110 


fiZOOfU: 


6600£U: 


318 


3-22 


8.1 


12.0 


6.4 


11.5 


920a£U: 


OOOOJBLL 


318 


3-23 


as 


li.l 


6.7 


10.8 


9200JBUb 


eeooRL 


34.9 


3-24 


9.3 


10. 0 


6.8 


9.7 


920QCU: 


6600£U: 


34.7 



[0035] 
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2. mmO. 4-01-4-2 4®{ij(,yS6^a)fH£H3Kf*-;^ 



\^ 






»£^3 












# tf 








4-01 


7.4 


16.9 


5.2 


15.0 


92C0JS11: 


6600£U: 


37.9 


4-02 


7.5 


15.0 


5,7 


13.7 


92C0BU: 


6600^1: 


3&6 


4-03 


7.8 


R4 


6.1 


12,6 


9200J&U: 


6600£U: 


36l2 


4-04 


8.0 


119 


6.5 


11.9 


9200£Lb 


GGOQRi: 


36.0 


4-05 


8.8 


13.6 


&8 


1L2 


9200fiU: 


6600RJb 


35.8 


4-06 


8.8 


12.5 


7,1 


la? 


920001: 


6600JSIJ: 


35.4 


4-07 


7.1 


16.1 


5,6 


1Sl3 


9200£U: 


6600JSU: 


38.1 


4-08 


7.3 


15.7 


6.0 


14.5 


9200JSU1 


G60QCU: 


37.6 


4-09 


7.8 


14.5 


6.3 


lao 


9200R1: 


6600£U: 


37.5 


4-10 


8.3 


13.8 


a7 


12.1 


9200£U: 


SeOOJSLh 


3a9 


4-11 


&6 


12.7 


7.0 


11.5 


9200£U: 


6€00Ri: 


36.0 


4-12 


9.1 


11.9 


7.3 


lai 


9200£U: 


6600£lt 


35.6 


4-13 


7,4 


1&3 


5.2 


15.3 


9200aJ: 


mfm± 


38.0 


4-14 


7.7 


15.5 


5u4 


14.1 


9200JE(± 


6600J&Lh 


37.6 


4-15 


8.3 


14.6 


5.7 


119 


9200£U: 


660Q£Lh 


37.3 


4-16 


8.4 


las 


6.0 


12.3 


9200Rh 


66001^ 


36.9 


4-17 


8.6 


12.8 


a4 


ILB 


9200jyj: 


66005U: 


35,6 


4-18 


9.0 


11.4 


6.8 


10.2 


9200^ 


660aeU: 


35,0 


4-19 


7,0 


15.1 


5.5 


14.5 


92002U:- 


6600£Lh 


38.6 


4-20 


7.1 


14.3 


5.9 


13.5 


9200£U: 


660Q£U: 


37.5 


4-21 


7.4 


13. 2 


6.1 


12.7 


9200£U: 


660QJSU: 


37.3 


4-22 


8.3 


11.8 


6.2 


1L4 


9200a± 


6600U 


36.6 


4-23 


8.9 


10.3 


6.4 


10.3 


9200Ri: 


6600JHJ: 


3a I 


4-24 


9.2 


9.8 


6.6 


9.8 


9200£U: 


seooBLt 


35.4 
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«^5 




# 1/ 












5-01 


7.3 


16.8 


5.4 


15.3 


9200£Li: 


6600£Lb 


38.1 


5-C2 


7.4 


15.2 


5.8 


14.1 


9200J^ 


6600£U: 


37.4 


5-03 


7.6 


14.5 


&1 


118 


d200£U: 


6600H± 


3a9 


5-04 


7.9 


13.7 


6.4 


12.5 


920a£U: 


6600£U: 


3a2 


5-05 


8.3 


113 


7.1 


11.4 


9200ai: 


oeooajt 


35.4 


5-06 


8.7 


12.4 


7.4 


10.9 


820Q£U: 


66QOJ5U: 


35.2 


5^7 


7.3 


16.3 


5.8 


15.1 


9200£Lt 


6600£U: 


37.9 


5-08 


7.5 


15.6 


6.0 


14.3 


9200R1: 


66OO0J: 


37.5 


5-09 


7.9 


U.3 


6.2 


12.8 


9200PJLJ: 


eeoopxt 


37.3 


5-10 


8.2 


13.6 


6.5 


12.3 




6800£U: 


37.0 


5-11 


8.5 


12.4 




1L2 


9200£U: 


6600£U: 


38.5 


5-12 


9.0 


11,7 


7.2 


ia4 


9200ai: 


56O0J&U1 


35.8 


5-13 


7.3 


16.0 


a7 


15.7 


920Q£Lb 


6600£U: 


38.7 


5-14 


7.6 


15.2 


a2 


14.0 


9200£Lk 


6600a± 


37.9 


5-15 


8.1 


14.5 


a7 


116 


9200£U: 


6600£U: 


37.4 


5-16 


8.3 


114 


7,0 


12.4 


g200£Li: 


6600£Lk 


37.0 


5-17 


8.8 


12.5 


7.3 


11.6 


d200ah 


6800611: 


36lO 


5-18 


9.3 


11.0 


7.7 


lai 


9200Ri: 


660001: 


3SL3 


5-19 


7.2 


15.3 


5.6 


14.3 


d200£Lb • 


eeooBLh 


38.3 


5-20 


7.3 


14.2 


ao 


114 


9200£U: 


6600ak 


37.7 


5-21 


7.6 


115 


6.2 


12.8 


920QSU: 


6600£U: 


37.4 


5-22 


8.1 


12.0 


6.4 


1L2 


aaooRJL 


6600£1± 


sas 


5-23 


6.4 


11.2 


6.7 


lae 


9200J£U: 


6600£Lh 


310 


5-24 


8.9 


9.9 


a8 


10.2 


920OJEU: 


6600£U: 


35.6 
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»l 4. SeSSWNO. 6-01-6-2 40l4AAf^ifeffli|«ifettiSff'-^ 



No\ 














# a 




Zf 








6-01 


7,2 


16.6 


5.5 


15.1 


920aJEU: 


6600£Lb 


38.2 


6-02 


7.5 


15.1 


5.9 


U.3 


9200JSU: 


6600£U: 


37.3 


6-03 


7.8 


14.6 


&2 


13.5 


9200£Lb 


6600£Ui 


36.8 


6-04 


8.1 


13.6 


6.6 


12.7 


9200£U: 


6G00J^ 


36.3 


6-05 


S.5 


13.1 


7.0 


U.8 


9aoaai: 


G600£Ui 


35.9 


6-06 


&9 


12.2 


7.2 


ID. 6 


9200JEli: 


6600Rh 


35.5 


e-07 


7.2 


15.9 


5.4 


15.0 




mm: 


38.3 


6-06 


7.7 


15,5 


S8 


14.7 


9200aJ: 


esooRh 


37.8 


6-09 


8.0 


14.7 


6.1 


13.2 


9200£U: 


660Q£Lb 


37.3 


6-10 


8.3 


13.9 


6.4 


12.7 




6600£t± 


36.8 


6-11 


a4 


12.5 


&7 


11.5 


9200J5U: 


6G0QEL1: 


36.3 


6-12 


8.8 


11.8 


7.0 


10.8 


d200£U: 


mmt 


35.7 


6-13 


7,5 


15.9 


5.4 


15.7 


9200JEU: 


6600£U: 


37.9 


6-14 


7.7 


15.0 


5.9 


14.3 


9200£Li: 




37.5 


6-15 


&3 


14,7 


a4 


118 


920aJSU: 


GSQOPJLh 


37.4 


6-IB 


8.7 


13.6 


6.8 


12.1 


gaoocLb 




3a7 


6-17 


9.1 


12.2 


7.0 


ILB 


gaoooL 




35.8 


6-18 


9.5 


10.9 


7.4 


10.5 


9200JK± 


6600£Lt 


35.3 


6-19 


7.1 


1Sl3 


4.8 


14.1 


9200£1±. 


660Q£U: 


37.6 


6-20 


7,5 


14.1 


5.1 


110 


9200Rh 


mmh 


36.9 


6-21 


7,9 


110 


5.5 


1^2 


9200 JELh 


6G00JSU: 


38.4 


6-22 


8.2 


11.6 


5.8 


11.1 


9200J5U: 


6600^ 


35.9 


6-23 


8.6 


10.5 


6.3 


10.4 


92O0£U: 


6600£U: 


35.2 


6-24 


9.1 


9.B 


6.8 


9.3 


920Qah I 


6600£U: 


34.7 



[0038] The Measuring condition of measurement 1 - measurement 4 is as being shown below. 
[0039] 

Measurement 1 : Equipment: Tension tester (Shimadzu trade name: autograph) 
Temperature: Ordinary temperature (25 degrees C) 
Speed of testing: 10 (mm/min.) 

Evaluation: ** tensile strength (Kg£7mm2) ** growth ** (%) Measurement 2: Equipment: Tension tester 

(Shimadzu trade name: autograph) 

Temperature: Elevated temperature (100 degrees C) 

Speed of testing: 10 (mm/min.) 

Evaluation: ** tensile strength (Kgfi^mm2) ** growth ** (%) Measurement 3 : Equipment: The 
equipment and the test piece which are shown in drawing 1 Temperature: Ordinary temperature (25 
degrees C) 

Load: 15kg (7.5N/mm2) [Creep resistance] 
Time amount until it evaluates : fractures (He.) 

Test method: ******** formed like drawing 1 in ordinary temperature (25 degrees C) It is 2 7.5 N/mm 

to a golden test piece. A load is added and it is to fracture. Time amount was measured. 

[0040] 

Measurement 4: Equipment: Equipment shown in drawing 2 Temperature: Elevated temperature (100 
degrees C) 

Load: 1kg [creep resistance] 

Evaluation: Time amount until copper wire falls out (Hr.) 
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Test method: He is one side covellite Dos like drawing 2 at an elevated temperature (100 degrees C). It 
is 55mg about copper wire with a diameter of 1mm to a roux hole substrate. It solders with solder and is 
IKgf caudad. It is ** about a load. It obtained and thje time amount to fracture was measured. 
[0041] 

Measurement 5: Equipment: Tension tester (Shimadzu trade name: autograph) 
Temperature: Ordinary temperature (25 degrees C) 
Speed of testing: 10 (mm/min.) 

Evaluation: It asks for Young's modulus from tensile strength and elongation. 
[0042] Elongation was low although, as for the example, the inclination for tensile strength to be high 
was accepted in the tensile test at the time of ordinary temperature (measurement 1) as compared with 
the example of a comparison as a result of measurement, 

[0043] In the tensile test (measurement 2) at the time of an elevated temperature (100 degrees C), 
although it was admitted that the tensile strength of an example was fully high to the example of a 
comparison, elongation was low. 

[0044] it was admitted that creep resistance boiled especially the above-mentioned example markedly to 
tfie example of a comparison in the creep test (measurement 3) by the fracture timing measurement at 
the time of ordinary temperature, and it excelled. 

[0045] Furthermore, it was admitted that it fell at the time of an elevated temperature out, and the above- 
mentioned example was extremely excellent in the bonding strength of the soldering section at the time 
of an elevated temperature to the example of a comparison in a timing measurement trial (measurement 
4). 

[0046] The solder of this invention is usable also about what can use with the gestalt of a rod, a wire, a 
ribbon, preforming, solder powder, etc., and contains flux. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this tramslation . 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing in which the equipment and the test piece which are used for the creep test by 
the fracture timing measurement at the time of ordinary temperature are shown, (a) shows equipment 
and (b) shows a test piece, respectively. 

Prawing 2] Drawing showing the equipment which it falls at the time of an elevated temperature out, 
and is used for a timing measurement trial. 

[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



Drawing 1] 



(a) 



(b) . 



9C - 



U 



^ 1 Q mm/m i' n. 



i 0 



50 



1 5 0 



^9 



[Drawing 2] 





I Kg 



[Translation done.] 



